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Abstract
Broccoli (Brassica oleracea L. Italica) is a nutritious green vegetable containing desirable
phytochemicals that is being more widely consumed in Pakistan. However the florets rapidly
discolour and wilt after harvest. This study reports the changes in the colour, turgor, weight,
visual quality and chlorophyll of harvested broccoli florets after harvest under ambient
temperatures of 18 ± 1°C and a relative humidity of 45-62%. There were significant declines
in colour, turgor, weight and chlorophyll within the first two days, with a change from “good”
to “unacceptable” assessments occurring at day 4 or 5. The level of chlorophyll decreased from
13.47 µg/ mg on day 1 to 5.18 µg/ mg on day 4. It is proposed that the green colour and turgor
can be retained longer by storing at lower temperatures and higher relative humidities.
1. Introduction
Broccoli (Brassica oleracea L. Italaia) is a widely-consumed floral green vegetable which has
high levels of vitamins, antioxidants, anti-carcinogenic compounds (Nestle, 1998: Ares, 2014)
and glucosinolates (Yuan et al., 2010) which have been associated with cancer protection and
the reduction of cardiovascular diseases (Talalay et al., 1995: Kushad et al., 1999: Rangkadilok
et al., 2002: Vallejo et al., 2003: Ku et al 2013). Broccoli has also been ranked as one of the
best inducers of detoxification enzymes in mammals (Dominguez-Perles et al., 2011).
Brocolli can be grown in many parts of Pakistan and it is particularly suited to the cooler
temperatures of Balochistan. However retailers and consumers only want broccoli heads that
are green and show no surface dehydration. In Pakistan, after harvest it can take one to two
days for the broccoli to reach the retailer by which time deterioration has started due to the lack
of packaging and postharvest treatment (Nath et al., 2011). With the exception of a few
supermarkets, the broccoli heads are kept under ambient conditions until sold or until they
become unacceptable. At 20°C, the final weight of broccoli florets can decrease by 55% by day
5 (Jia et al., 2009). During storage there is also chlorophyll degradation and a loss of green
colour (Yamauchi et al., 1997). For example, Takeda et al. (1993) report an 80-90% reduction
in chlorophyll in broccoli florets within 4 days if stored at 23°C. Although yellowing can be
slowed by storage at lower temperatures (Izumi et al., 1996), the lack of cooling facilities in
Pakistan means that significant post-harvest losses remain (Shafiq et al., 2012).
The objective of this study was to examine the chlorophyll changes and weight loss of broccoli
florets grown and stored under ambient conditions in Pakistan. The study should enable
retailers and consumers to better understand the conditions affecting the perishability of
harvested broccoli florets.
2. Materials and Methods
2.1 Plant material
Seedlings of the broccoli variety “Marathon F1”, sown in late September 2016 were
transplanted after three weeks in a field at the Institute of Agricultural Sciences (IAGS),
University of the Punjab, in the Lahore district of Pakistan (31.4950 0N, 74.269 0E).Standard
practices like irrigation and weeding were used until the crop was harvested. The florets were
harvested 100-110 days after transplanting and were immediately transported to the laboratory
where they were cleaned and washed for further analysis.
2.2 Colour, turgor, weight loss and visual quality
The floret heads were stored, in three replicates, at a mean room temperature of 18 ± 1°C. The
quality characteristics of the freshly harvested, washed and dried florets were measured on day
1 and then at daily intervals for up to 10 days.
Colour: The colour of the stored broccoli florets was assessed visually on each sampling day
using a non-linear colour rating scale described by Rangadilok et al. (2002). A scale of 1 to 6
was used: 1: green, 2: traces (<10% yellowing), 3: slight yellowing (11-20%), 4: moderate
yellowing (20-30%), 5: severe (30 -50%), and 6: waste (> 50% yellowing).
Turgor: the turgidity of the broccoli florets was measured visually on each sampling day using
a turgor rating scale based on Winkler et al. (2007). The scale of 1 to 6 was: 1: excellent
(turgid), 2: very good (virtually turgid), 3: good, (traces of limpness) 4: fair, (moderate level of
limpness) 5: poor/not acceptable (severe limpness-nearly dried), and 6: waste.
Weight loss: harvested florets of a similar size and appearance were weighed to determine the
proportional weight loss. The loss of water was expressed as a percentage weight loss as
described by Fernández-León (2013) and Serrano et al. (2006).
Visual quality: visual assessments were made on each sampling day of the general appearance
of freshness (in a similar way to a consumer) as described by Ku and Wills (1999), , Jia et al
(2009), Yuan et al. (2010) and adopted by Guo et al. (2011) with little modification. The scale
of 1 to 6 was: 1: excellent (Brilliant fresh appearance), 2: very good (Fresh appearance), 3:
good (Limit of marketability), 4: fair (usable but cannot be marketed), 5: poor/not acceptable,
and 6: waste.
2.3 Chlorophyll content
Chlorophyll was extracted from the florets using the Standard Operating Procedure (SOP)
described by the Scientific Engineering Response and Analytical Services, Environmental
Protection Agency of the United States (SERAS 1994) and the procedure adopted by Ku et al.,
(2013) and Rajlalshkmi and Bano (2015). Briefly the procedure was to take 2 g of a broccoli
floret, which was cut into small pieces, and homogenised with 2 ml of 0.1 N NH4OH extraction
solution to form a fine slurry. Plant material adhered to the pestle was washed off using 3 ml
of extraction solution, and then 5 ml of 80% aqueous acetone solution was added. The sample
extracts were centrifuged at 1972 rpm for 20 minutes. The supernatant solution was decanted
and the final volume was brought up to 10 ml using 80% aqueous acetone. The extracted
sample was then analysed using a spectrophotometer operating at wavelengths of 645 and 663
nm. Initially aqueous acetone 80% was used as a blank to zero the spectrophotometer. The
equations reported by Arnon (1949) and Ku et al. (2013) were then used to calculate the levels
of chlorophyll a, chlorophyll b and total chlorophyll.
Chlorophyll a (µg/mL) = 20.2 (A645) + 8.02 (A663)
Chlorophyll b (µg/mL) = 12.7 (A663) – 2.69 (A645)
Total chlorophyll (µg/mL) = 22.9 (A645) – 4.68 (A663)
Where:
A645 = absorbance at a wavelength of 645 nm;
A663 = absorbance at wavelength of 663 nm.
2.4 Statistical analysis
A one-way analysis of variance of the means and variance of means and standard deviations of
visual quality, colour, turgidity, physiological weight loss and the levels of chlorophyll a and
b and total chlorophyll was completed using STATISTIX 8.1 (2005) Analytical Software. The
test of statistical significance was undertaken at a 0.05 level.
3. Results
3.1 Colour, turgor, proportional weight loss, and visual quality
The colour deterioration of the broccoli florets, stored at 18°C, started from day 1 with traces
of yellowing already present on day 2 (Figure 1). On day 4, there was slight colour deterioration
(11-20% yellowing), but this was considered to be “severe” (30-50% yellowing) on day 5. On
day 6, the level of discoloration (5.7) was sufficiently great for the florets to be considered as
“waste”.
A significant decline in turgor was only recorded from day 3 (Figure 1). From “excellent” on
day 1, the level of turgor was still considered to be “good” on day 5. However on day 6, the
broccoli was considered to have poor turgidity (> 4) and it was no longer acceptable for
consumption (Figure 1).
There was a steady loss in the weight of the broccoli. There was a weight loss of 7.7% within
the first 24 hours, and by days 5 and 6 the total weight loss was 22.4% and 27.2% respectively.
By day 10, the florets had lost 41.6% of their initial weight.
The visual quality of the broccoli florets also declined steadily during the storage period,
moving from a “good” rating on day 4 to a “fair” rating on day 5. Florets on day 6 were found
“unacceptable” (rating > 5) and on day 7 were brown/yellow and rated as “waste” (Figure 1).
Fig 1. Effect of time from harvest on the colour, turgor, weight loss, and visual quality of broccoli florets
stored at 18 ± 1°C and a relative humidity of 45-62%. Values represent the means of three replicates
on a rating scale (1-6) (n = 3), for colour 1: green, 2: traces (<10% yellowing), 3: slight yellowing (11-
20%), 4: moderate yellowing (20-30%), 5: severe (30-50%), and 6: waste (> 50% yellowing), for turgor
1: excellent (turgid), 2: very good (virtually turgid), 3: good, (traces of limpness) 4: fair, (moderate level
of limpness) 5: poor/not acceptable (severe limpness-nearly dried), and 6: waste, for visual quality 1:
excellent (Brilliant fresh appearance), 2: very good (Fresh appearance), 3: good (Limit of
marketability), 4: fair (usable but cannot be marketed), 5: poor/not acceptable, and 6: waste and
weight loss as cumulative % loss in weight. Vertical bars represent the standard deviation of the
means.
3.2 Chlorophyll content
The chlorophyll a and b content of the broccoli florets declined (p < 0.05) during the seven
days after harvest (Figure 2). The level of chlorophyll a, declined from 13.47 µg/ mg on day 1
to 5.18 µg/mg on day 4. The level of chlorophyll b, declined during the same period from 7.31
to 2.12 µg/ mg. The total content of chlorophyll, as the sum of these two values, showed a
similar decline. The total decrease in the level of chlorophyll a, across the seven days was
74%, whilst the decline in chlorophyll b, was 82%.
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Fig 2. Effect of storage time on the content of chlorophyll a, b and total chlorophyll of broccoli florets
stored at 18 ± 1°C and a relative humidity of 45-62%. Values represent the means of three replicates
(n= 3). Vertical bars represent the standard deviation of the means. Values with different letters are
significantly different P < 0.05.
5. Discussion
The results show that the colour, visual quality, turgor and levels of chlorophyll in broccoli
deteriorated quickly after harvest at the ambient air temperature of 18°C and a relative humidity
of 45-62% found in Pakistan. Similar results have been reported by Hansen et al. (2001), Xu
et al. (2006), and Jia et al., (2009).
The most important commercial quality index for broccoli is its green colour, being the primary
determinant of quality for the consumer. The green colour of the broccoli was assessed in terms
of subjective visual assessment on a six-point scale and in terms of the chlorophyll content. In
our study, severe yellowing (up to 50%) was reported on day 5 at which point the broccoli
would be unacceptable to consumers. A similar rate of decline has been reported by Jin et al.
(2015) and Nath et al. (2011).
The green colour of the broccoli is due to the presence of chlorophyll a and chlorophyll b which
were 13.47 and 7.31 µg /mg on day 1 respectively. The level of chlorophyll decreased sharply
between day 3 and day 4 (Figure 2), at an earlier stage than the greatest decline in the visual
assessments. Although the chlorophyll contents were measured on a fresh weight basis, the
decline in water content (Figure 1) is relatively consistent during the sampling period. The
breakdown of chlorophyll has two key phases: an initial phase where chlorophyll is converted
into non-green breakdown products within chloroplasts and a second phase where the non-
green catabolites move from the chloroplasts to the vacuole (Christ and Hortisteiner 2013). It
is arguable that the chlorophyll analysis is more objective in that it is based on a linear scale,
whereas the six-point colour scale is non-linear with the move from the midpoint of “3” to “4”
representing a 10% change, that from “4” to “5” a 15% change in colour, and that from the
midpoints of “5” to “6” a 35% change. The process of senescence and yellowing in plants is
related to the action of the plant’s defence system and the action of antioxidants and enzymes
such as superoxide dismutase, catalase and peroxidase (Han et al., 2006). High temperatures
and low relative humidity can slow down the activities of superoxide dismutase, catalase and
peroxidase, eventually lowering the oxygen radical production that leads to the yellowing of
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broccoli (Singh and Dwivedi, 2008: Yuan 2010). Whilst temperature and humidity control are
likely to be the main methods to delay yellowing, some studies have shown that post-harvest
treatment with 1-MCP can also reduce the pace of yellowing in broccoli florets at 20°C (Yuan
et al., 2010: Sabir, 2012).
The broccoli florets lost 20% of the initial weight after four days and 40% after ten days. This
decline in water content was also monitored using a 1-6 turgor scale which declined from
excellent” (1) on day 1 to “good” (2.9) at day 5 and “waste” (6.0) on day 9. A similar weight
loss of 42% from broccoli florets under ambient conditions has been reported by Nath et al.,
(2011). At 20°C, which is 2°C higher than the temperature in this experiment, Jia et al. (2009)
reported a 55% loss by day 5. There may also have been differences in the relative humidity,
which was 45-62% in our study. Reducing the saturation vapour deficit experienced by the
stored broccoli (either by reducing the temperature or increasing the humidity) would likely
have reduced the weight loss. For example Toivonen and Forney (2004) and Jones et al., (2006)
recommend a relative humidity of 80-100% for broccoli storage. In a different study, Jia et al.,
(2009) stored broccoli in three types of bags: one without holes, one with two microholes and
a third one with four macroholes. They found that shelf life increased in those florets stored in
the bag with no holes and related this to the high relative humidity.
The visual assessment of quality is likely to include subjective assessment of both colour and
weight loss. This quality assessment was “acceptable” up to day 4, before declining to
“unacceptable” on day 5. This threshold appears to be more related to the change in colour
than the level of turgor.
6. Conclusion
The green colour, turgor, weight, and visual quality assessment of broccoli florets declined
quickly within five days of harvest, when stored at 18°C and a relative humidity of 45-62%.
There was also a 60% decline in the level of chlorophyll within four days of storage. These
results suggest that the appropriate time interval for storage, in the case of the stated ambient
conditions, is 4-5 days. During this time, there was 23% loss in broccoli weight compared with
that at harvest. Maintaining the harvested crop at low temperatures with low saturation vapour
pressure deficits may increase the shelf-life of broccoli.
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